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-* iS^3S.2r b ° nd \ e "> S5 -»''Wng reagents contain reactive 
wife tospsclflc flinot/onal groups (primary amines. sulfoydXeta i 
on proteins or ether molecules, CrossWnri rawafe iS» »S„ } 

cop membranes. They also are useful for solid-phase ImmobllbafL 
l^n^rrfer protelr, conjugate, preparing SSSSSSSSi 

include modSieatfon of nueleic acids, drugs and solid surfaces. 



1 



Cor^BooaJ changes of proteins associated with e particular intor- 
*l te J?^ "VP"**"^ cross-linking tfSSSSd 
Sfc^S ^ ^P""® CTOSs ^K9rs with dHf3aZ 
ffj" S ^"SS" 380 ? «" P™*** Information about the 
motacute. By exaroining which ore™ 
Grtets effective^ conjugate to particular domains of a protein informa- 
m may be obtained about conformational manges that Tndemd w 
exposed amino acids In the tertiary and quatemaS S 

JSS*™ 5 185 the study of surface receptoremuch 
I: S^Sr* m ' " re 1 ce P tor * cross-linker before or after 
jnMuHh the Ugand, It Is possible to Isolate the receptor-llnend 
1 'SSS^JSt of rarJioiodlnatable cross-iintero nSKSSL 
lohtemlfya paitcufar receptor by autorarllographic detection. 
, ^..ftnnBo SHU QtefaroMftraeaoBai Cross- infters 

I ". be eBh n r £""««i«a>wl or heteroblfurEtlonal. 
I ^olrlhmcttona) cress-llnfters have two identical reacts anjuos and 

$fiXrT^£!!2? ^ proce,,uras 10 ^KE! 
I ^^^ Wl2e . , ' uatBrniiry smjcture - *»" eonjuflaflon 

■SnXTnSSeSon" * 

K^^!^^^ p0S8flSs to0 diftewrt reactive groups 

wmmns, helpmgto mmimtee 
: ^SkZ^2!?!^ m Qrseff - con j u 9aSDn- Heterobffunrtional 
; a ™iL^ ** 1En mDd '" c =Hon amines Is problematiu. 

ST^f P^™! atthB 5ites of P^'ns and modi- 
j,l^ n ^L lea ? toaa,vft > ,|0Ss - Othermoieaessuch as 
S& MlS ano arbohydrates may be more appro- 
KKnf ^^aJtows a protein that can tolerate the 

"StaSE^ am,nas w ta co»P'«J to a protein or other molecX 

Sl^ff°fi tfuras - hcterobiftirirtlonal reagents are reacted with 
ftE?J^" B mosl taMe ^"P «* »» cross-linker first After 
tSStoTS If ^ . 0^rBacte ' , winter, tba modffiedXSS! * 
cf^ 0 " ™ nta ""nB »e second proton where reaafon 
Sm^EZtt "7"* <rfth8 ^* becurT^most 
g^heterobrfunchOTHlcrosB-lintarsarethcjsehawlTO 

PKS! 222? 11? 8 "** Bntf - soHhydryl-reacthre 
P^ 5 ^^^ 1 ^. Pyri*y1 disunion and a-haloacatyls 
^SSSS^ H *2 5431519 m """""s solution andfc 
^«^ fl ?T SE ' ,uenfii£>cmss ^ nto '' , 9 P™>«lures. MHS-estera 
Sta??" t ^ m D 5" ll& bQnd5 - Carbodi/mides are zeroS ' 
SSS^S'^S C - P ^ UCt " ZZ9B0 - and effect dUect 
betwEan cartnuyiates (-COOH) and primary amines f-WHy 



r^n^S^ 1 " pB P MB bapten-cairier protein conju- 

gation, subunff studies and proteln-pratein conjugation. 

^Ht 8 ^^^ 0 ? 31 r SL Bems h8VB °™ reactive group that is 
photoreact^ rather than ttrarmomacdve. These la« dteflr^anvan- 

^™^l th SL mD, 2? C,IVB tarBBteblB "-"Etkwal proups is unfoiowi, 
attecmnent of the labile thermS' 
ste^ hX^ST^' ™ n "« al » n to any adjacent W-H or C-H 
Slmm mUS * f*™"**** WW by actuation 

I£S&! ,lhe P h0 j? !h8mlc a' reagent allows for formation of 
a wnjugate that naynot be possible mt a group-specific reagent 
Tba efficiency of photonartve cross^kersls li^KJdsrf 10% 

SSartSS^ nfa,nS 3 pBffl ^P h ^ ^th 
Kto» to eatsaste a enBss-lioftai? 

flT^ n S^ SBlB 5!. d , 0, !, the 188,5 01 me,r crwmtaal reactivities 
teSfLK?'^ 1 Brou P s » ^ "rnpabbility of the 
^r5S^„^^ B S! P J^ ai,0 ?• 1,16 1,891 «"»**«■ to use for a specific 

be determined empirically. Cross-llnkere are chosen 
based on Uib follovwng characteristics; 

"Chemical specificity 
"Spacer arm length 

'-Reagent water-solubility and cell membrane permeability 

° g^p^ Bn,0bifUnCtlOnal1 ° r 6merBnt (tato^ifunctlonal) reactive 

' Thsroioreactlve or photereaiSIVB groups 
p Reagent cross-Units cleavabte or not 

' ?n^ow t bb3 ainS ™ mBS Uiat 680 bB radk,,abetel ' ortaggad vrith 

S,T»^lI n h te ?^S 1 L? 18351 rcactlvB !> rou P s - Functional groups 
fruta ^SSSWSfKS" """H 9 inc,UIle Prtmary amines, sulfhy- 
S^li^.^' c ? rt,Dh y Dra t« and carbrwyllc adds ffible 1). 
^Sw D r, Mn b t'^l sejBCt,VB usin l» a PtotoreacbVe phoriyi aad B 
S^^'^L 5 ^ ""^'"sacross-llnto selection puidely 
^^lUt^T 1 P? 3m8te ^ «wy be chosen and a Dst of avaibble 
cross-linkers wdh those features generated. A cross-linker selecton 

Sog a S be9,nnin9 ° f * B Bn **lwpn»tet Sthe 



Ifar^lltfn Bmm — . . _ -- '"'pa o 



WacePtfa Bro gy 
AjylAzate 



j 



CajfePdBmlrie 



HmvBaeBvB {or priiTBfy amine) 



OartophyaratB (wagged) 



ftnUoestfir 



Arritos 



Uccysnata 



Amfna 



Strtfftyitryl 



PFP-ester 



Amtns 



PyridytDaurTMe 
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Often different spacer arm lengths are required because steric effects 
dictate the instance between potential reaction sites for cross-flnking. 
For protaniprDteln Interaction studies, the proximity between reactive 
groups is difficult to predict Usually, a cross-linker with a short spacer 
arm (4=S A) is used first and the degree of cross-linkinfl determined. 
A cross-linker with a longer spacer arm may then be ussd to optimize 
cross-Racing efficiency. Short spacer arms are often used in Intra- 
molecular cross-Hnkmp, studies, and irrtermojecular cross-Jinking Is 
favored with a cress-IinAer containing a long spacer aim. Often cress- 
linkers that are cleavaWe, ncn-cleavabte and have various spacer arm 
tangths are used to obtain a complete analysis of protein structure. 



: .—fx 



range and win either pross-IJnk to another amine in the imrcieiaate 
vicinity, resuming In NX-amWIne tart/etives, or it will convert to 
sn amidlne bond. At higher pH, the amrdlna is formed directs* without 
formation of an Intermediate or side prt>duct Extraneous crossoilnWng 
that occurs below pH 1Q sometimes interferes with interpretatJon of 
results when thtol-cujavable nlirnidoesters are used. 
Although ttiese crees-linkers are still used In protein subtmit studies 
and soBd-phase immobilization, the amldine bonds termed by 
Imidoester cross-linkers are reversals at high pH, and therefore, the 
more stable and efflcfem WHS-estar cross-linkere Iraue steadily 
replaced them. 



In many applications, it is necessajy to maintain the native structure of 
the protein complex, so cress-linWng fe most often performed using 
mild pH and buffer conditions. Furthermore, optimal crossMinter-to- 
proteln molar ratios for reactions must be determined. Depending an 
the application, the degree of cDnjupaftan te an important factor. For 
example, when preparing hnmunagen conjugates, a high degree of 
conjugation is desired to Increase the immunogenldty of the antigen. 
However, when conjugating to an antibody or an enzyme, a law-to- 
moderate degrea of conjugation may be optimal so that biological 
activity of the protein is retained. ThB number of functional groups 
on ths protein's surface is also important to consider. If there are 
numerous target groups, a lower crcss-Enter-to-protein ratio can be 
used. For a Brotted number of potential targets, a higher crossHinter-to- 
protein ratio may be required- Furthermore, the numbfir of components 
should ha kept low or to a minimum because conjugates consisting of 
more than two components are difficult to analyse and provide less 
Information on spalJai arrangements of protein subunrts. 

BroB5s4QEte ffiesBtarygfe 

(jSiiii&aesfless 

Imidoester cmss^nters react with primary anunes to form amldine 
bonds. The resulting amidine is pratonated and therefore, has a posrtrvg 
charge at physiological pH (Figure 2). Imidoester homobifunchonal 
cross-linkers have been used to study protein structure, molecular 
associations In membranes, and to immobflfeE proteins onto solid- 
phase supports, they also have been examined as a substitute for 
glutaraldehyde tor tissue fwatian. lmidoestere can penetrate call 
membranes end cross-linK proteins within the membrane to study 
membrane composition, structure and proteimproteln and protEin:lipW 
interactions. These cross-foikere have also been used to determine or 
confirm the number and location of subunfts within multi-subunit 
proteins. In these experiments, targe molar excesses of cross-linker 
(100-1 ,000 fold) and low concentrations of protein (<1 mg/ml) are 
used to favor intramolecular over intermojacular cross-! inking. 



WHS esters yield stable products upon reaction with primary amines 
with rateflivery efficient coupUng at physiological pH- Accessftte 
a-amlne groups present on the N-termlni of proteins and e-ammes 
on lysine residues react with NHS esters and form amide bonds. A 
covalBm amide bond is formed when the NHS-ester cross-linlcmg 
agent reacts with a primary amine, releasing ^hydruxysucaniimide 
(Figure 3). 



Am Wo eone 



Reunofl. MKS-tatoreaellon sdora. 

Hydrolysis Of the NHS-ester competes with tha primary amine reaction. 
Hydrofosls rate increases with increasing pH and occurs more readily In 
dilute protein solutions. Studies performed on Master con^^ds 
indicate the halHlfe of hydrolysis for a homobltunrtJonal WH&^taris 
4-5 tours A P H 7.0 and OX in aoueous envlranments free ofprtmaiy 
aminas. This ftafl-flfa decreases to 1 0 nnimites at pH B.S and 4T. Jhe 
©Gent of the WHS-ester hydrolysis In aqueous sotuttons free of pnmary 
amines may be reassured at 260 nm. An increase In absortanoe at Wife 
wavelength Is caused by the release of NHS. The mobr axbnc^ncoef- 
flclent of WHS released by hydrolysis and reaction with a lunte^itt* 
6 ZxKPWH cm- 1 at 260 nm at pH 9.0. The rholar extinction coefficient 
for the WHS ester in 50 rnM potassium phosphate buffer, pH 63 is 
7.5 x 103 gyp enr 1 at 260 nm. 



NHS-ester cross-Uniting reactions are moat commonly performed In 
phosphate; bicaroonate/carbonatB, HEPES or borate buffen cancen- 
tfattons batwem 5D-2C0 mU. Other buffers may also be used if they do 
not contain primary amines. HEPES. for example, can be used because 
It Domains only tertiary amines. Primary ananas are present in the 
structure of Tris, which mate It an unacceptable buffer for MHS^ste r 
a „ resctions. A laigs excess of Tris at nurtjMo ^PH may ba added 

ta» m R 1 U) . tsuBpa atteeruitfaNHSssterreacb-unto 

a primary amine and may be used in a similar manner. TtoNHS-ester 
reactions are typically performed between pH 7.and 9 and at 413 to 
room temperature from 30 minutes to 2 hours. Reaction times at T c 
are mcreasad 4-fold from room temparature mcubafion times to 
produce similar efficiencies. WHS esters are usually used at 2- to 50- 
fold molar excess to protein depending on the concafrtration of the 
protein. Typically, the tamcantretion of the crosB-rmkBr can vary from 
0.1-10 mM. The protein concentration sbouid be tept above 10 pM 
(50-100 pM Is optimal) because more dUuta protein solutions result 
m excessive hydrolys^ of the cross-ilnter. 



» 



Amtne-ciJinBtelDg 
iDQlenle 

R^are 2. koldraaar raaettro seftarae. 

Imidoester cross-lrnters react rapidly wtth amines at afoaltne pH but 
have short half-lives. As the pH becomes more alfeallna, tha half lire and 
leactMty with amines increases; therefore, cross-linking is more effi- 
cient \Mhen performed at pH 1 0 than at pH B. Reaction conditions betuw 
pH 1 0 may result in side reactions, although amidlne formation is 
favored between pH B-1 0. studies using monofunctional afeyl Imidates 
revsal that at pH <;10 conjugation can form with iust one imidoester 
functional group. An intermediate N-altyl Imldate forms at tha lower pH 
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NHS esters can be grouped Into two separate classes with Bssentially 
fdermcsl reactivity towsrd primary amines: water-soluble and water- 
fnsoluWe. Water-sofajbJa MS-B raters, have a sulfonate (-SOJ group 
on the AHrydroxysuccJnlnicde rfhg. They are advantageous when the 
presence of organic solvents cannot be tolerated. The reaction wRh 
thB surfo-«HS esters is usually performed In 100% aijueous solutions- 
however, ft is possible to achieve greater SQJiiMffty when (he reagent 
Is dissolved in organic solvents such as DIWSO {Product £ 20636) 
The water-sQjtibte WHS-ester crossH Inkers are used For call surface 
conjugation because flieywfDnot permeate the membrane. Sulfonated 
MHS-eeter cross-Ankara are supplied as sodium sate and are soluble In 
water to a comsrtirstion of at least fO mM. 

Th a sorubiilty of tfra NHS esters W01 vary wfm buffer composition. 
The non-sutfoiiated forma of WHS-ester reagent ana vyateNasolubte 
and are first dfcsolved bi water-mfsclbje organic solvent, such as 
DIWSO {Product #20654.20686) and 0 MF (Produc? 0 £0672, 20573), 
then added to the aqueous read Ion mature. The water-Insoluble 
cross-ontrere do not possess a charged group and are lipophilic and 
rnembrane*pernjeable. Cross-linking reactions with the watawnsaiuMe 
NHS Bsfars are typically performed with a solvent carryover of 0.5-1 0% 
final volume fn ins aqueous mcUon. In some cases, cross-linking 
proteins with WHS esters may result to loss of biological activity that 
may be a result of conformational change of the protein when the 
NHS-ester cross-tinfoar reacts with primary Bmlnes on the molecule's 
surface. Loss of activity may eJso occur vtfien any ot the lysine groups 
involved In binding a substrate (in the case of an eruy me) or an arrtrqen 
(In the case of an antibody) am modified by the cross-linker. 

B&leiioHlGs 

Coupling through surf hydryl groups Is advantageous because it can 
be site-directed, yield cfeavable products and allow for sequential 
coupling. A protein in a complex mixture can ba specifically labeled 
if ft is the only one wBh a free surfhydryi group on Its surface, rf thare 
are insufflcfent quantities of free suffliydryls, they can be generated 
by reduction of disulfide bonds. Alternatively, suffhydryis can be Intro- 
duced into molecules through reaction with primary amines using 
ZHmfnothiolane or Trauts Reagent (Product # 261 01 ), SATA (Product 
£ 261 02) or SPDP (Product 0 21 857). 

The maleirnide group reacts specifically with surfhydryi groups when 
the pH of the reaction m before is between pH 6.5 and 7.3 and forms a 
sable thioether linkage that is not reversible (Figure 4). At neutral pH, 
malefmides react with sutfhydryts 1 ,000-fbld fester than with amines, 
but at pH >6.5, the reaction favors primary amines. fWalelmfdes do 
not react with tyrosines, hrstidines or methionines. Hydrolysis of 
maiemirdBS to a non-reactive mateamfc acid can compete with thiol 
modification, especially above pH 8,0, Thiols must be excluded from 
reactions buffers used with maJermides because they wil/ compete for 
coupling sftes. Excess maJafmides can be quenchsd at the end of a 
reaction by adding free thiols. EDTA can be included in the coupling 
buffer to minimiza oxidation of siiHhydryls. 



coniamno 



jvigfelicKa 
carpponoil 



EfofleecBftpfis 

The most commonly used a-hafoacetyl cross-linfrers contain the 
todoacetyi group that react wfth sulihydryl groups el physiologioaj pH. 
The reaction of the lodoacetyi group twth a sulfhydryl proceeds by 
nucieopWlic substitutron of Iodine wfth a thiol producing a stable thic- 
other linkage (Rgure 5). Using a BSght excess of the lodoacetyi group 
over Are niumber of sulfhydryi groups at pH 8,3 ensures suhrororyl 
selectivity. In the absence of free surffiycfrylsv or ff a targe excess of 
lodoacetyf group Is used, the iodoecetyl group can react wfth other 
amino acids. Imidazoles can react wfth todoacefyj groups at pH 6.9-7,0. 
but the Incubation must proceed for longer than one week. 

Hlstfdyf side chains and amino groups read In the unprofanated form 
^thtodoacetyi groups above pH 5 and pH 7, respectively. To limit 
free todlne generation, which has me potential to reset wfth tyrosine 
fostidme and tryptophan residues, perform iodoscatyl reacbonB sW 
preparations in the dark. Avoid exposure of lodoacelyf compounds to 
reducbtg agents. Available WHS-ester haloacetyl cross-Hrrtcara are listed 
In Table 2. 
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RqbjhtiI 




Pnntrtff - 


SA 


Amin^ulfhytfryi 


Z2349 


SAB 


Afrtine/Sutfhydryf 


22329 


SuftD-SMB 


Amiiui/SiiGiyttryi 


22327 



f Vitfy l disulfides react with sulfhydryl groups over a broad pH range 
(eptimal pH h 4-5) to form disulfide bonds, and therefore, conlugates 
prepared using these reagents are cleavable. During the reaction, a 
disulfide exchange occurs between the molecule^ -SH group and the 
2-fyrfdylrifthlol group. A3 a result, pyridlrce-2-thione Is released and 
its concentration can be determined by measuring the absorbanoe at 
343 nm (Figure 6). These reagents can be used as cross-fin kers and to 
Introduce sulfhydryl groups Into proteins. The disufJfde exchange can 
be performed at physialogical pH, although the reacJlon rate is slower. 
(See Table 3 for the pytldyldlthiol cross-linfeere available from Pierce.) 

©-» • ,„>-Q r*r® • -O 



HP- 

Pyrtiflbcj 
2-tfilcao 



SoinijjtJryl- Purfdyf C\m\nm DbufnOfl imd 

mQloeaig 

f?pno Q. Pfcarteyl msoTDfla roacfina ^hsmo. Reaa ton afBclsncy can be mnrfloraJ by J 1 
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CarbonyJs (aldehydes and ketones) react wfdi hydrazltfes and amines at 
pH 5-7. The fraction with hydrazides is faster than with amines, matdnp 
them useful far site-specific cross-Unking. Carbanyb do not readily 
exist In proteins; however, mild oxidation of sugar glycols using sodium 
mcfifrperiodate vaUI convsit vlcoiaf hydroxyjs to aldehydes or Ketones * 
(Rgure 7). The ojddafion is performed In the dark at <XC to prevent 
side reactions. Subsequent reaction with hydrazides results in forma- 
tion of a hydraeone bond. Carbohydrate modification is particularly 
useful for sntlbodfes In which the carbohydrate Is located In the ft 
region aw^r from binding sites. At 1 mM Nal0 4 and a temperature of 
0T, the. oxidation Is restricted to sialic acid residues. At concentrations 
of 6-10 mM periodate, other carbohydrates in proteins (including anti- 
bodies) will be targeted. 
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carbodHmrdee couple carboxyls to primary amines or hydrazines 
resulting in the formation of amide or hydrazone bonds. CartiodiimidBs 
are unlEc* other conjugation reactions in that no spacer exists between 
the molecules being coupled. Carboxy termini of proteins can be 
targeted, as wpll as glutamic and asparflcadd side-chains. In me 
presence of excess cross-linker, polymerization is likely to occur 
because all protetos contain carbcwyls and amines, Tne bond that 
results is the seme as a peptide bond, sd reversal of the conjugation 
is impossible wfthout destroying the protein. 

EDC (Product i?22S80, 22sai) reacts with carboxyllc add group and 
actuates flis carhop group to form an activa O-acyflsaurea interme- 
diate, allowing it to be coupled to the amino group in the reaction 
mixture. An EDC by-product is released as a soluble urea derivative 
after displacement by the nudeophile (Figure 6). The O^cyflsourea 
intermediate is unstebfe in aqueous solutions, making ft Ineffective 
in two-step conjugation procedures without increasing the stability of 
ttie imermediate using AHlydrOxysuccmimlde. Tnis intermediate reacfcs 
with a primary amine to form an amide derivative. Failure to read wftft 
an amine results in hydrolysis of the intermediate, regeneration of 
the carboxyis, and the release of an N-unsubstituted urea- The cross- 
linking reaction Is usually performed between pH 4.5 to 5 and requires 
only a few minutes for many apptlcations. However, the yield of the 
reaction Is similar at pH from 4.5 to 7J. 

The hydrolysis of EDC is a competing reaction during coupling and- 
is dependent on temperature. pH and buffer composition. 4-Morpho- 
nrwBfthanasuffonlE acid (WES, Product 283S0) is an effective carboO 
iroide reaction buffer. Phosphate buffes reduce the reaction efficiency 
of the B)C, but Increasing the amount of EDC can compensate for tfia 
reduced efficiency. Tris, glyclna and acetate buffers may not be used as 
conjugation buffers. MHS (Product # 24300) or Its water-soluble analon 
Suffo-NHS (Product £ 24510), is often included in EDC coupling proto- 
cols to Improve efficiency. EDC couples WHS to carboxyte, resulting in 



an NHS-actfvated site on a molecule. The NHS-esterfoTmad and the 
carbodrimide's 0-acyifeourea intermediate are amino-reactfve; however, 
an WHS-ester has much greater stability In slight^ actdtc or near neutral 
pH conditions. In water, an WHS-ester has a haff-Rfe of one to several 
hours, or even days, depending on temperature, pH and structure of the 
oross-Hnter, but 04cyli$ourea intermediate has a half-rife measured In 
seconds in acidic or neutral pH conditions. EDC-medtated coupling of 
molecules wortes well in many applications, without the addition of NHS 
or Sulfo-WHS, which are not generally required unless protein coneon- 
fraflons are very low. When a large axcess of EDC is used wfmout NHS, 
it is often nacassary to reduce the EDC amount wfcen converting to an ' 
EDD/NH5 system toprevent excessive cross-Jinking and possible 
precipitation. 
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PbotoreacuVe reagents are chemically inert reagents that become reac- 
tive when exposed to ultraviolet or visible Rfiht With few exceptions, 
the photoreacbVe groups hi ffless reagents are aryl azides (figure 9). 
When an aryf aside is exposed to uv right, R forms a nftrane group mat 
can initiate addition reactions wffii douhfe bonds, msertion into C-H and 
N-H sites, or subsequent ring expansion to react wtti a nucieophUe 
(e.g., primary amine. Figure 10). The tetter reaction path.tfomlnates 
when primary amines are present In the sample. Tniol-containing 
reducing agents (e.g., DTT or 2-mercaptoathanot) must be avoidBd in 
the sample solution during ail steps before and during photoacttvatloa 
These reagents wfll reduce the azfde functional group to an amine, 
preyenSnp photoactfvatioa Reactions can be performed In a variety of 
aminB-free buffer conditions, rf wortdnp with heterobrfunefiDnai photo- 
reactive cross-linkers, use buffers compatible with the chemtealty 
reactive portion of the reagent Tne chemical reaction is parformfid in 
subdued light with reaction vessels covered In folk The photoactivation 
can be performed with a bright camera flash or ultraviolet hand-neJd 
famp ^)out 1 -a Inches above the reaction vessels. A bright camera tasn 
worte well with the nitro- and hydreixyl-sutstltuted aryl azides. Unsub- 
stRuterf aryl azides may require uBraviolet light or numerousflashBS. 
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KyoxaJs are useful compounds for targeting ths guanidlnyl portion ot 
arginins residue. Gfyoxals will target arginines at mltofy alltafine pH 
There Is some aruss -reactivity (the greatest afc pH>9) with lysines. An 
example of this type of linker te APS (Product £ 20108). which has an 
aryl azide mofety In addition to foe gJyoxaJ group. TTU$ cross^nter is 
most useful for targeting compounds deficient in primary amines. 



Cell SDirteB toss-Mag! 

Cross-Rnkers are often used to identify surface receptors or their 
ligands. Wtembranfr-lmpermeablecross-nnkers ensure cell-surface 
specific cross-linking. Water-toBolublB cross-Bnkera when used at 
controlled amounts of reagent and reaction time can reduce membrane 
penetration and reaction with Inner membrane proteins. 

The sulfbnyl group attached to the succinimioyi rings of a NHS-esters 
result in a cross-linker that is water-soluble, membranNm permeable 
and non-reactive with Inner membrane proteins. Therefore, reaction 
tone and quantity of cross-linker are less critical when using sulfo- 
WHS-esters. Homobrfunotional sulfo-WHS-esters, heterobifuncttanal 
suRc-KHS-gstBrsand pnotoreactive phenyl azides are good choices 
for cross-OnWng proteins on the celJ surface. 

Determination of whether a particular protein is located on the surface 
or the Integral part of the membrane can ba achieved by performing a 
conjugation reaction of a cell membrane preparation to a Known protein 
or radfoacOve label using a water-soluble or water-insoluble croes- 
Itaker. Upon conjugation the ceils may be washed, solubilrzed and 
characterized by SDS-poIyacrylamide gel elactrophoresis (PAGE) w 
Determine whether the protein of interest was conjugated, integral 
jhembrane proteins w9l form a conjugate In the presence of a water- 
nsolupfe cross-linker, but not in the presence of water-soluble cross- 
nn tars, Surface membrane proteins can conjugate in the presence 
w water-soluble and water-Insoluble cross-rmters. BASED (Product 
? 21564), a homoblfuncUonai photoaoivatabte phenyl azide. Is one 
°^ ttie more versatile cross-llntors for the study of protein Interactions 
*nd associations, it Is cleavabie and can be radiolabeled with '«l using 
'odd-beads^ lodlnation Reagent (Product 9 28665). After cleavage. 



both of the dissociated molecules ur||| sti3 be iodinated. Because both 
reactive groups on this cross-linker are nonspecific, she cross-UnWng f$ 
not dependent on amino acid composrtfon for successful conjugatioa 
Ml QtaidratE Sttnoetoaill Staitai 

Cell membrane structural studGS require reagenis of varying hydropho- 
bScrty to determine the lacatfon and the environment within a cell's lipid 
buayer. Fluorescent tags are used in locate proteins, lipids or other 
molecules inside and outside the membrane. Various cross-linkers 
wfih differing spacer arm lengths can be used to cross-link proteins to 
assoq'ated motecules within the membrane to determine the distance 
between molecules. Successful cross-linking with shorter crass-linkers 
is a strong indication that two molecules are Interacting in some 
manner. Failure to obtain cross-linfdng with a panel of shorter cross- 
linfcers, whHB obtaining conjugation with the use of longer reagents, 
generally Indicates that the molecules are tacared in the same part of 
the membrane but are not interacting. Hamobrhinctionai NHS-esters, 
imidates or heterobtfuncttonal NHS-ester/photoactrvatable phenyl 
azides are commonly used for these procedures. Although imidoester 
cro3s-IJnkerB (imidates) are water-soluble, they are still aide to pene- ^ 
trate membranes. Suffirydryl-reacuve cross-tinkers may be useful for ^ 
targeting molecules with cysteines to other molecules within the 
membrane. 

EDO (Product # 22980, 2298lf, o/ater-oisolubte tflcydohexylttrtodi- 
imide (DCC, Product # 20320), and other water-solubleArnsolubfe 
coupling reagent pairs are used to study membranes and cellular struc- 
ture, protein subuntt structure and arrangement, enzyma.- substrate 
interactiDns, and ceil surface and membrfine receptor. The hydrophJHc 
craracter of EDC can result in much different cross-flnWna. patterns in 
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membrane and subunit studies than with hydrophobic carbodHrnldes 
such as DCC. Often It is best to asempt cross-unking witti a water- 
soluble and water-Insoluble carbodiimlde to obtain 8 complete picture 
of the spatial arrangements or protein:pratejn Irrtsracllons Involved. 

Cross-linkers can be used to study the structure and composition of 
proteins In samples. Some proteins are drfftcurtto study because they 
met in different conformations with varying pH or saft conditions. Orts 
way to avoid conforma8anaJ changes Is to cross-tmk subunits. Amine-, 
cartWKyt- or aulfhydryj-reactlve reagents are used for Identification 
of particular amino acids or for determination of the number, location 
and size of subunits, Short-to-rnadlum spacer arm cross-links rs are 
selected when rntramDlecufercross-linWng is desired. If thfl spacer arm 
Is too long, ifflermolecuter cross-linking can occur. Carbodllmfdes that 
result in no spacer arm, along with short length conjugating reagents, 
such as amlne-reactlve DFDNB (Product # 21525) or the photoactivat- 
aWe amine-reacbVe cross-JInter NH5-ASA (Products 27714). can 
crossHlnfc beftffean subunits without cross-linking to extraneous mole- 
cules if used in optimal concentrations and condRlons, Slightly longer 
cross-linkers, such as DMP (Product #21666, 21667) can also cross- 
link between subunits, but they may result In intermolecular coupling. 
Ad rusting tfoe reagent amount and protein wncerrtration can control 
Intermolacular cross-linWng. Dilute protein solutions and high concen- 
trations of cross-liniser favor Intramolecular oross-linWng when 
homobrfunctianaJ crcss-l Inters are used, 



Mon-cleavable, homoblfunctionaJ, sulfrrydryJ-rBajrtitfB linkers such as 
BJWIH (Product # 22330) can be used to Bnk subunits that were Joined 
by disulfide bonds. In some circumstances, the cross-linking pattern or 
success may be affected by the cross-linker's solubility. Hydrophobic 
cross^rxikers tend to cross-link more effectively in hydrophobic regions 
of molecules. 

For determination or confirmation of the mres-dimensional structure, 
cteavable cross-linkers with increasing spacer arm bngths maybB used 
to determine the distance between subunits. Experiments using cross- 
Jinfcers with different reactive groups may Indicate the locations of 
specific amino acids. Once conjugated, the proteins are subjected to 
twtHSIrnfinsional electrophoresis. In tha first dimension, the proteins 
are separated using non-reducing oorufitkms and the molecular weights 
are recorded. Some subunits may not be cross-finked and wfll separata 
according to foeir Individual molecular weights. Conjugated subunits 
vtffll separate according to the combined molecular weight The second 
dimension of the gel Is than performed using conditions to cteave the 
crcss-llrrJced sutrunte. The individual molecular weights of the cross- 
linked subunits can be determined. Cross-tinted suhunfts that were 
not reduced wiU produce a diagonal pattern. Girt the cleaved subunits 
will be off the diagonal. Tha molecular weights of the individual 
subunfts should be compared with predetermined molecular weights 
of the protein subunits using reducing SDS-poIyacrylamitfe gel 
electrophoresis. 



of Puuteio Difcamtttatas m£ AsssslarffieBS 
Cross-linkers are used for IderrUficafion of near-neighbor protein rela- 
tionships and ligand-receptor Identrttcation and Interactions. The eross- 
Itnters chosen forthaea applications are usually longer than those used 
for subunit cross-finking. Homrjbifunctionfll, amine-reactive NHS- 
erters or imidases and haterabrrunetional, amlne-reactlve, photoacovat- 
aWe phenyl azlries are the most commonly used cross-linkers for these 
applications. OccaslonaOy, a surfflyffiryi- and amine-reactive i cross- 
tinker, suoh as Sulfo-SMCC (Product 22322) may be used if one of 
the two proteins or molecules Is known to contain suffhydryls. Both 
cleavable or nondeavablB cross-linkers can be used. Because the 
distances between two molecules are not always known. optimal 
length of tha spacer arm of the cross-Hnksr may be determined by the 
use of a panel of slmflar cross-linkers with different lengths. OSS 
(Product e 21 555) or Its cteavable analog DSP (Product 9 2256*5) are 
among the shorter cross-linkers usad for protelmprotein interactlans. 
NHS-ester, phenyl azides are very useful for this type of cross-flnWng 
because they usually result in elftelent cross-linWng. SASD (Product 
# 27716) is a unique sufro-NHS^ester, phDtoactivatable phenyl azide 
that is both iodinatablB and cfeavahle that allows for detection and 
analysis of small quamttfes of protein. For more PTformation on this 
type of application for cross-Cnters. refer to catalog Section 11: Protein 
Interactions. 

Cmoss-lnftere tor ta^KKBtoto PraEkction 
Specific arrtibodies can be covatently linked to toxic molecules and then 
used to target antigens on cells. Often these antlbodfes are specific far 
tumor associated antigens. Immunotoxins are brought into the cell by 
surface antigens and, once iirternallzed, they proceed to tdll the can by 
ribosorne mactivatjDn or other means. Trie type of cross-Jinks? used to 
make an immunotojdn can affect Its ability to locate and kill the appro- 
priate ceils. For imrnulKtodns to be effective, the conjugate must be 
stable to irfvo. In addition, once the immunotoxln reaches Its target, the 
antfcody must be separable from thB toxin to allow the toxin to kill the 
celL Thiol-eleavable, dlsuhlde-contalnJng conjugates have been shown 
to be more cytotoxic to tumor cells than noncleavable conjugaSBs of 
ricln A immunotoxins. CbJIs ara aide TO break the disulfide bond in me 
cross-linker, allowing the release of the toxin within the targeted coll. 
5PDP (Product Q 21657) is a leverable NHS-ester, pyridyl disulfide 
cross-urikBr used to conjugate amiire-containlng molecules to satfhy- 
dryis. For sBvsral years, this has been the -workhorse" cfoss-Rnkar for 
production of imrrrunotoxbis. The amine-reactive NHS-esteris usually 
reacted with the antiboiSy first In general, toxins do not contain surface 
sultnytiryls; therefore, suKhydryls must bB introduced onto them by 
reduction of disulfides, which is corrmnon for procedures Involving ricln 
A chain and abrin A chain, or through chemical modification reagents, a 
second SPDP molewle can ba used for this purpose and Is reacted with 
amines on the immimotoxln, then reduced to yield surfhydryte. Another 
chemical modification reagent that is commonly used for production 
ot tmmunolmnns is 2-imlnothiolane, also known as Traur/s Reagent 
(Product O 26101). Trauts Reagent reacts with amines and yields a 
sutlhydryl when its ring structure opens during the reaction. 
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